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considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 
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1 , In this report reference is made to the following documents: 

D1...,EP-A-0 879 618 
D2....US-A-5 305 745 

ad V: 

1.1. Document D1 , which is considered to represent the most relevant prior art, 

discloses a rate adaptive pacemaker comprising a pacing rate limiting means for 
preventing the pacing rate from becoming too high. The pacing rate limiting 
means is adapted to limit the pacing rate upwards such that a predetermined 
relation between supplied and consumed energy is maintained. The pacing rate 
limiting means comprises a corresponding upper limit determining means. 

Claim 1 differs in the following: 

The pacing rate limiting means is adapted to limit the pacing rate upwards 
such that the energy consumed by the myocardium always is less than the 
energy supplied to the myocardium. 

The device disclosed in document D1 lowers the upper pacing rate limit in 
response to an ischemia, that means in response to a situation in which the 
energy consumed by the myocardium is higher than the energy supplied to the 
myocardium. Consequently, the pacing rate limiting means of the device disclosed 
in document D1 is not able to limit the pacing rate upwards such that the energy 
consumed by the myocardium always is less than the energy supplied to the 
myocardium. 

Document D2 does not disclose a device comprising an upper rate limiting means 
which is adapted to limit the pacing rate upwards such that the energy consumed 
by the myocardium always is less than the energy supplied to the myocardium. 

Therefore, the subject-matter of claim 1 is considered as novel (Article 33(2) 
PCT). 

1 .2. The subject-matter of claim 1 is considered as involving an inventive step (Article 
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33(3) PCT) for the following reasons: 

In the pacemaker defined in claim 1 , the pacing rate can be limited upwards under 
avoidance of ischemia, and thus, the patient can feel more healthy and 
comfortable in various everyday life conditions. 

1 .3. Claims 2-9 are dependent on claim 1 and as such also meet the requirements of 
the PCT with respect to novelty and inventive step. 

ad VII: 

1 . To meet the requirements of Rule 6.2(b) PCT, in claim 2, the reference sign "14" 
should have been added to the term "pacing rate limiting means". 
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(57) Abstract 

A rate adaptive pacemaker comprises means (2) for determining the demand of a patient's organism, a pacing rate controlling means 
(16) for controlling the pacing rate in response to the patient's demand, and a pacing rate limiting means (20) for preventing the pacing 
rate from becoming too high. The pacing rate limiting means is adapted to limit the pacing rate upwards such that a predetermined relation 
is maintained between energy supplied to the myocardium and energy consumed by the myocardium. 
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The purpose of the present invention is to propose a new way 
of continuously automatically limiting the pacing rate up- 
wards according to the current ability of the patient's 
5 heart . 



Disclosure of the Invention 

This purpuse is obtained by a rate adaptive pacemaker 
according to claim 1. 

10 

Thus, in the pacemaker according to the invention the 
myocardium energy consumption and energy supply can be kept 
in balance, and since this relation, and not the heart rate, 
is of primary importance, the patient can feel more healthy 
15 and comfortable in various everyday life conditions, also in 
conditions of active work. 

Preferred embodiments are set forth in the dependent claims, 

20 According to an advantageous embodiment of the pacemaker 
According to the invention the pacing rate limiting means is 
adapted to limit the pacing rate upwards such that the energy 
consumed by the myocardium always is less than the energy 
supplied to the myocardium. In this way lack of oxygen supply 

25 to the myocardium is avoided. 

According to another advantageous embodiment of the pacemaker 
according to the invention said pacing rate limiting means 
includes an upper limit setting means for setting am upper 

30 limit value for the pacing rate, and an upper limit determin- 
ing means to determine the relation between energy supplied 
to the myocardium and energy consumed by the myocardium for 
calculating an upper pacing rate limit value from said relat- 
ion for supply to said upper limit setting means. Thus, in 

35 this way the actual pacing rate is continuously compared to a 
set upper limit value and the actual pacing rate is limited 
to a maximum value equal to this limit value. 
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According to still other advantageous embodiments of the 
pacemaker according to the invention said pacing rate limit- 
ing means is adapted to limit the pacing rate such that the 
inequality 

(tdia3t,rest/tdiast) • (SV/SVrest) < CR 

(1) 

is satisfied/ alternatively said upper limit determining 
means is adapted to determine actual coronary resistance 
ratio (CRR) from the equation 

supplied energy = consumed energy (2) 

and determine an upper pacing rate limit from the relation 
between actual coronary resistance ratio (CRR) and coronary 
reserve (CR) , or said upper limit determining means is adapt- 
ed to determine the upper pacing rate limit value from the 
eqpiation 

upper pacing rate limit = 

(60-CR) / [tdiast,resf (SV/SVreat) + CR-t^yg^] (3) 

where tdiaatrest denotes diastolic duration for the patient in 
rest conditions, taiast actual diastolic duration for the 
patient, SV and SVreat actual stroke volume and stroke volume 
for the patient in rest conditions respectively, and tgyst the 
actual systolic duration. The term "rest condition" is 
intended to cover not only resting by lying down but also 
other standard defined low load conditions such as sitting. A 
bioinpedance measuafement unit is preferably provided to 
measure the intracardiac bioinrpedance as a f \mction of time 
and determine therefrom actual stroke voltime SV and actual 
diastolic and systolic duration tdiast and tsyat respectively. 
Since the electrical bioimpedance can be effectively used to 
determine cardiac parameters, in particular the parameters 
mentioned above can be obtained from the time variation of 
the bioin^edance measured between the tip of an intracardiac 
electrode and the housing of a pacemaker when an exitation 
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Claims 

1. A rate adaptive pacemaker comprising a means (2) for 
5 determining the demand of a patient's organism, a pacing rate 

controlling means (16) for controlling the pacing rate in 
response to the patient's demand, and a pacing rate limiting 
means (20) for preventing the pacing rate from becoming too 
high, characterized in that said pacing rate limiting means 
10 (14) is adapted to limit the pacing rate upwards such that a 
predetermined relation is maintained between energy supplied 
to the myocardium and energy consumed by the myocardium. 

2. The pacemaker according to claim 1, characterized in 
that said pacing rate limiting means is adapted to limit the 

15 pacing rate upwards such that the energy consumed by the 
myocardium always is less than energy supplied to the 
myocardium . 

3. The pacemaker according to claims 1 or 2, characterized 
jLn that said pacing rate limiting means is adapted to limit 

20 the pacing rate such that the inequality 

{tdiast,rest/tdiast)-(SV/SVrest) < CR 

is satisfied, where tdiaotrest denotes diastolic duration for 
the patient in rest conditions, tdiaat actual diastolic 
25 duration for the patient, SV and SVrest actual stroke volume 
and stroke volume for the patient in rest conditions 
respectively, and CR the coronary reserve* 

4. The pacemaker according to any of the preceding claims, 
characterized In that said pacing rate limiting means 

30 includes an upper limit setting means for setting an upper 
limit value for the pacing rate, and an upper limit 
determining means for determining the relation between energy 
supplied to the myocardium and energy consumed by the 
myocardium for calculating an upper pacing rate limit value 

35 from said relation for supply to said upper limit setting 
means . 
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5. The pacemaker according to claim 4, characterized in 
that said upper limit determining means includes an energy 
determining means for determining the energy supplied to the 
myocardium and the energy consumed by the myocardium 

5 respectively, and a conqparison means for comparing supplied 
energy and consumed energy for determining said relation. 

6. The pacemaker according to claim 5, characterized in 
that said energy determining means is adapted to determine 
consumed energy as the product of mean value of ventricular 

10 pressure variations during a cardiac cycle and stroke volume* 

7. The pacemaker according to claims 5 or 6, characterized 
in that said energy deteannining means is adapted to determine 
supplied energy from the time response curve of the arterial 
pressure during diastole. 

15 8. The pacemaker according to claim 4, characterized in 
that said upper limit determining means is adapted to 
determine actual coronary resistance ratio (CRR) from the 
ecjuation 

supplied energy = consumed energy 

20 

and determine an upper pacing rate limit value from the 
relation between actual coronary resistance ratio (CRR) and 
coronary reserve (CR) . 

9 . The pacemaker according to any of the claims 4 - 8 , 
25 characterized In that said upper limit determining means is 

adapted to determine the upper pacing rate limit value from 
the equation 

upper pacing rate limit = (60 CR) /[tdiast^reaf (SV/SVrest) +CR-tsy»J 

where CR 

30 denotes the coronary reserve, tdiaatrest diastolic duration for 
the patient in rest conditions, SV and SVrest actual stroke 
volume and stroke volume for the patient in rest conditions 
respectively, and tayst the actual systolic dtiration. 

10. The pacemaker according to any of the claims 3 - 9, 
35 characterized in that a bioimpedance measurement unit is 

provided to measure the intracardiac bioimpedance as a 
function of time and determine therefrom actual stroke volume 



wo 00/57954 



PCT/SEOO/00573 



13 

SV and actual diastolic or systolic dxirations tdiast or tayat 
re spec t i ve ly . 

11. The pacemaker according to any of the claims 3 - 9, 
characterized in that an ECG measuring and analyzing unit is 
provided to measure ECG and determine therefrom actual stroke 
volume SV and actual diastolic or systolic durations tdiast or 
tsyst respectively. 
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